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Abstract

Introduction: Routine viral load monitoring for HIV-1 management of persons on antiretroviral therapy (ART) has been rec-
ommended by the World Health Organization (WHQO) to identify treatment failure. However, viral load testing represents a
substantial cost in resource constrained health care systems. The central challenge is whether and how viral load monitoring
may be delivered such that it maximizes health gains across the population for the costs incurred. We hypothesized that key
features of program design and delivery costs drive the cost-effectiveness of viral load monitoring within programs.

Methods: \We conducted a systematic review of studies on the cost-effectiveness of viral load monitoring in low- and middle-
income countries (LMICs). We followed the Cochrane Collaboration guidelines and the PRISMA reporting guidelines.

Results and Discussion: We identified 18 studies that evaluated the cost-effectiveness of viral load monitoring in HIV treat-
ment programs. Overall, we identified three key factors that make it more likely for viral load monitoring to be cost-effective:
1) Use of effective, lower cost approaches to viral load monitoring (e.g. use of dried blood spots); 2) Ensuring the pathway to
health improvement is established and that viral load results are acted upon; and 3) Viral load results are used to simplify HIV
care in patients with viral suppression (i.e. differentiated care, with fewer clinic visits and longer prescriptions). Within the con-
text of differentiated care, viral load monitoring has the potential to double the health gains and be cost saving compared to
the current standard (CD4 monitoring).

Conclusions: The cost-effectiveness of viral load monitoring critically depends on how it is delivered and the program context.
Viral load monitoring as part of differentiated HIV care is likely to be cost-effective. Viral load monitoring in differentiated care
programs provides evidence that reduced clinical engagement, where appropriate, is not impacting health outcomes. Introduc-
ing viral load monitoring without differentiated care is unlikely to be cost-effective in most settings and results in lost opportu-
nity for health gains through alternative uses of limited resources. As countries scale up differentiated care programs, data on
viral suppression outcomes and costs should be collected to evaluate the on-going cost-effectiveness of viral load monitoring
as utilized in practice.
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1 [ INTRODUCTION

Routine viral load monitoring for HIV-1 management of per-
sons on antiretroviral therapy (ART) has been recommended
by the World Health Organization (WHO) since 2013 as the
preferred method to identify treatment failure [1]. In the ini-
tial WHO global HIV treatment guidelines (2003), viral load
monitoring was not recommended in low- and middle-income
countries (LMICs) due to the requirements for transportation
of plasma specimens under controlled conditions, limited labo-
ratory infrastructure and availability of the assay, and rela-
tively high cost of viral load monitoring. Instead, clinical
monitoring and/or CD4 count measurement were used to
detect treatment failure [2]. Over the next ten years the avail-
ability of viral load testing increased, the cost of viral load
assays decreased, concerns over resistance accumulation at an

individual and population level grew, methods for viral load
testing on dried blood spot (DBS) specimens were developed,
ART guidelines changed to recommend ART for all HIV-posi-
tive persons, and the cost of first- and second-line ART
decreased [3]. These changes challenged the initial recommen-
dation not to use viral load to monitor the outcome of HIV
treatment. However, viral load testing represents a substantial
cost in resource constrained health care systems in LMICs.
HIV policymakers and program managers are concerned
with affordability and costs because the implications of costs
affect the health care they can provide from their limited
available resources (i.e. costs imply lost opportunities for gen-
erating health) [4]. Cost-effectiveness analysis is a widely-
applied approach to guide whether the health benefits of an
intervention are large enough compared to its costs, such that
its provision from within limited health care resources would
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represent “value for money. This essentially requires deter-
mining a cost-per-unit of health gained (e.g. per quality-
adjusted life year (QALY)-gained; or disability-adjusted life
year (DALY)-averted) from alternative ways of providing viral
load monitoring in comparison to other approaches (i.e. clini-
cal, routine CD4 monitoring) and, critically, assessing whether
the estimated cost per unit of health gain represents value
against a benchmark.

Several published studies have concluded that routine viral
load monitoring is cost-effective in LMICs by referencing the
cost per DALY to a benchmark of one to three times gross
domestic product (GDP) per capita of a country [5-7]. How-
ever, given the level of resource constraints in countries, such
benchmarks are now widely recognized as being inappropriate
to inform value for money assessments and risk lowering pop-
ulation health through diverting investments away from
greater priorities [8,9].

Suitable benchmarks are context-specific and can be difficult
to ascertain. An emerging stream of research has shown that,
for general health care, values are much lower than previous
acknowledged — for example ~$60 to 100 in Malawi — due to
high levels of unmet health needs [10,11]. However, HIV
interventions remain overwhelmingly reliant on overseas aid
which is specifically ear-marked for this condition, and the
overall level of such aid means in practice that HIV-related
interventions may be cost-effective at higher values than this
(e.g. $300 to $500) [12-14]. A number of papers sought to
specifically assess whether viral load monitoring would
improve population health compared to committing the
required resources to continued scale-up of ART and have
often found that it would not [15,16]. The central challenge
then is whether and how viral load monitoring may be deliv-
ered such that it would justifiably constitute a component of
HIV care, even in the context of the higher cost effectiveness
threshold operating for HIV interventions, and does not divert
resources away from other priority health care activities that
could generate greater health benefits.

We conducted a review of recent studies on the cost-effec-
tiveness of viral load monitoring in LMICs. Our hypothesis
was that key assumptions about program design and costs of
monitoring drive the cost-effectiveness of programs that
incorporate viral load monitoring. The primary review objec-
tive was to identify characteristics of programs that make viral
load testing more or less likely to be cost-effective and con-
tribute to improvements in population health, recognizing
there are other calls on limited HIV program resources.

2 | METHODS

We reviewed cost and cost-effectiveness studies of viral load
testing in HIV treatment programs in LMICs and summarized
the key factors that determine cost-effectiveness. We followed
Cochrane Collaboration guidelines in conducting our review
[17], and PRISMA guidelines in reporting results [18].

2.1 | Search strategy, selection of data, synthesis

We conducted an electronic search of the PubMed database
on 14 February 2017 for studies published from 1 January
2000, onwards, using the following MeSH terms: (“viral

load’(MeSH  Terms) OR  “viral’(All Fields) AND “load”(All
Fields) OR “viral load"(All Fields)) AND (“economics”(Subhead-
ing) OR “economics”’(All Fields) OR “cost”(All Fields) OR “costs
and cost analysis"(MeSH Terms) OR (‘costs”(All Fields) AND
‘cost”(All Fields) AND “analysis”(All Fields)) OR “costs and cost
analysis”(All Fields)). The EMBASE data base was searched
using the equivalent search terms. Reference lists of papers
meeting criteria were hand searched for additional articles. To
ensure that we included unpublished data, abstracts were
reviewed from the past meetings of the Conference on Retro-
viruses and Opportunistic Infections (CROI).

Abstracts and full-text articles of potentially relevant studies
were reviewed independently by two authors (N.T. and RV.B.)
against pre-defined criteria. Papers were eligible for inclusion
if the analysis was conducted in a LMIC setting and a cost-
effectiveness result for viral load monitoring was included.
Data were extracted using a standardized data extraction
form. Discrepancies regarding eligibility of papers were dis-
cussed and consensus reached. The methodological quality of
included studies was reviewed by NT. and RV.B. Discrepan-
cies in quality rating were discussed and consensus reached.
Studies were rated as low, moderate, or high risk of bias,
dependent on whether they met standard guidelines for
health economic evaluation reporting [19]. The study results
were summarized and synthesized for discussion; a quantita-
tive summary statistic was not estimated for the cost-effec-
tiveness of viral load monitoring. To assess factors that
increased the cost-effectiveness of viral load monitoring, we
reviewed the model and program parameters that determined
cost-effectiveness relative to the base case and qualitatively
summarized and grouped the factors into three main themes.

3 | RESULTS

The electronic search vyielded 1248 results of which 1165
were unique abstracts. We identified 23 manuscripts and four
conference abstracts for review of which 18 met the search
criteria and addressed the cost-effectiveness of viral load
monitoring (Table 1).

The studies were conducted in a range of LMIC settings
(sub-Saharan Africa, Cameroon, Uganda, South Africa, Zambia,
Zimbabwe, Cote d’lvoire, Vietnam and Thailand). Two health
economic analyses were based on clinical trials conducted in
Uganda and Cameron [20,21]. The remaining analyses collated
surveillance data, worked closely with programs, and reviewed
the literature to obtain parameters for health economic mod-
eling. Study outcomes were reported as the cost per DALY
averted, cost per QALY gained, cost per life year gained (LYG),
and/or year of life saved (LYS).

Cost-effectiveness analyses were conducted from 2004
[22] and projected out to 2035 [23]. Twelve [5,22-32] of the
18 studies found that viral load monitoring was cost-effective.
Studies used different thresholds to determine cost-effective-
ness combined with variation in the unit costs resulted in
marked heterogeneity between the results. The unit cost of
viral load testing varied in the analysis from $5.80 [25] to
$103.88 [27] per test, and the annual cost of first line ART
and second line ART varied also from $108.18 [5] to $462.47
[30] and $239.31 [33] to $2071.33 [30], respectively (2017
USD). The range in the costs for viral load assays and ART is


http://onlinelibrary.wiley.com/doi/10.1002/jia2.25006/full
https://doi.org/10.1002/jia2.25006

Barnabas RV et al. Journal of the International AIDS Society 2017, 20(S7):e25006

http://onlinelibrary.wiley.com/doi/10.1002/jia2.25006/full | https://doi.org/10.1002/jia2.25006

AVO J2d 98Z°TH$ :sauljsping

OHM "SA (Syjuow 2auy3 Aiana)
Aouanbauy 3ui3sal A paseasou|

ATVO Jod 098/$

:SaUl|apINS OHAA 'SA Syjuowl
XIS AJaAs BUl3sal A JO asn

AIVO
Jad 0£9'%T$ “(2Iqe|iene aull
puo2as) Sulojuow D “SA TA
ATVO
Jad 6£T°9T$ :(21gejieneun aul|
puO2as) SulIOIUOW (D "SA A
AIVO J4od $22/$
1(S3502 1 ¥V INOYIIM) SUBdA U]
10} [ ¥V 2ulj-3saiy Ajuo ulAiddng
"SA SUUOW XIS 1B U910S
9|3ulIs Ja1je 3ullojiuow [enuuy
AIVO J2d 80'89%
(S350 | ¥V YIIM) SIeaA uay
10} | ¥V aulj-3saiy Ajuo ulAlddng
"SA SUUOU XIS JB Ua10S

(SJe13iwsued] JuaPIe Aly3lY,
A UOISSIWSUBIY A|H 2oNnpad
0} |u/sa1dod 000'00T <

SIA Yum syusized 3uizesad|
3ujo3iuow
[e21Ul> 03 paJedwod
3un3sa} $QD se Y3DI
UBeIpaW auUIes aAeY 03 3593
Jad $T7¢ 03 psdnpa. 3q 0}

3ABY pInom 3u13sal A 4O 350D
3|qejieAe aq 03 aney

PINOM JUSWIIE] SUl| PUOISS

SoA a3ulag

saA payilend,

saJn|ies aul| 1S}
Ul aul| puodas 0}
SUIYDIIMS UOIJelIBA

24n|ie} 2180[0JIA

A Ul AjlsusdousieH S00¢

aJn|iey 2180]04IA

A Ul AlsusolsieH  (e3ep 150D) +00¢

2Jed JO UOIjeIjuRIayIp

Uo A 40 199443
24n|ie} 2180[0JIA

ey

Lanos

ey
ueleyes-qng

[cel
ueneydedeAeliA

[¢z] teysig

a18uls Ja1ye BulloyuOUl [enuuy L¥V JO 1500 JamoT  SaA paijiend,, JA UL AjBUSB0ISI9H 600 01 TOOT pueliey | [T€] Japlauys
papane A1va Jad 18T16$ (A=uaq yijesy

“BulIojUOW £ + [BDIUND) "SA JO 22U3pIAS OU) | DY SIY} epuesn
BULIOLUOW TA + D + [BJIUID Ul 9AI1D24D 10U Sem BuiIsal TA ou aluYeq [el} pszjwopuey  ZOOZ 03 TOOZ ‘01010 [12] uyey|
(43D1) ones 9AI13294J2-3502 aJow +SSaUAAINIDYD pajjlepow paipns Jeaj uones’o Joyjne jsii4

SSUDAI}IDYJD-3S0D [ejuawalou]  Suplsal A xew jey} siojeq -1S02 Uo sainjeay Ay
uoIsn|puod
sloyiny

Supioyiuow (JA) PeO] [BJIA JO SSBUSAI}IDHJD-3S0 By} Sunewnysa salpnis ‘T d|qel


http://onlinelibrary.wiley.com/doi/10.1002/jia2.25006/full
https://doi.org/10.1002/jia2.25006

Barnabas RV et al. Journal of the International AIDS Society 2017, 20(S7):e25006

http://onlinelibrary.wiley.com/doi/10.1002/jia2.25006/full | https://doi.org/10.1002/jia2.25006

OA1 4ed 000'00T$ suypuow
XIS AJBAS "SA SUJUOW 934y} AJaA]
OAT Jad $T#6$
FdD SA QD + SulojuoW A
SAT 42d 4£€E$ ((Aesse dlauaD)
Supojiuow [ealP + #dd + 1A
"SA 3ulJojiuou [esiulD
SA1 Jed 89/+$
‘(Aesse T-AlH awl[eay 104ay)

2.n|Iey 2I80]0JIA JO 33 Jay3iH
(p3||epow Jou) suoljeinul

SOUBISISSU PaJR|NWNIOe Jama
(Pa||opow J0U) UoISSIWSURY

AIH pa3npau Ajqissod

3U13533 A 40 2214d Um0

M/si192 00Z> ¥AD
yam syuaijed Joy Aesse A 9N

S3A Palyiend.,

aJn|iey 2IS0|0JIA
N Ul AylsuadouslsH

£00¢

eale Umo| aded

[7C] pinepuag

Suriojiuow B2 + 3D + A Aesse
“SA SUlJOjIUOW [BDIUID  9SNOY-Ul J1Jauas padlld Jamo] ou payiend [elI B2l 0T0Z 931 9002 uooJaweD) [07] J19kog
00g$
> | ¥V 2ul| puodas Jo 350D
SIA yyuow Jad 94T ueyy Jojeals
Jad 04T 03 066T$ suoiRdRyul SI ¥V aul| 3414 Suljie uo
J13s1unIoddo Joy sixejAydoud juads awiy 03 anp Adediys
3|0ZexoWI0)) SA (/8% 3UI| PUOJS Ul 3SEU29(] 30URISISSY
031 0G$ = 1502 1531) SulIoHUOW A 06$> 1591 YN AIH oA paliienD,, A Ul AjlsuagodaloH 9007 QUI0A|,p 910D (/2] [auury
51593 2DUB3SISa
pUE TA-DO0d 1503 MO
¥V @ul| PUOJSS JO 3502 Jamo]
payane A1va Jod £+25$ 1V Ul
‘(Buluojiuow A ou) onb snjeis pu0o23s Uo pade|d aoue)sisal
‘SA (JOJBJBY] Syuow 7T 8nup AIH 2|ge3da1ep
AJ2AS pUE UOIJeIYIUl JUBLIIEa} pue |w/sa1dod 000T <
J9}e syjuow xis) Suriojuoul IA YHM Sjenplalpul pue 2Jnjie} 21S0|0IA
A 404 SUOIIBPUSWILLIOIDS OHAA S1eaA om1 AJona Builsel JA  S9A paulenD., 90UBISISTY €102 01 S00C WIBUIBIA [0g] weyd
(43D1) oned 9A13094)9-3S02 10w +SS9UDAINIDYD pajjopow palpnis Jeaj\ uolje’o’ Joyne 3sii4
SSOUDAI}D94J9-]1S0D |BJUSWRIDU| 8unsay A jew jeyy sioyoe -}S02 uo salnjea} Aa)|
uolsnpPuod
sioyny

(ponunuod) T slqeL



http://onlinelibrary.wiley.com/doi/10.1002/jia2.25006/full
https://doi.org/10.1002/jia2.25006

Barnabas RV et al. Journal of the International AIDS Society 2017, 20(S7):e25006

http://onlinelibrary.wiley.com/doi/10.1002/jia2.25006/full | https://doi.org/10.1002/jia2.25006

patiane X1vd

Jad 7988% 01 1784¢ :(syuow

JN0J-AJUSM] 01 XIS AJSAS

‘SUUOW XIS AJ9AS Jen3aul)

3upiojiuow gD "SA (syjuow
IN0J-AJuam] 01 XIS AJ9A3) TA-CeT

paiiane X1vd

Jad GTS'€E$ 01 9ZH$ “(sypuow

IN0J-AJUSM] 01 XIS AJSAS

‘SyUOW XIS AJaAS Jen3aul)

3upiojiuow gD "SA (syjuow
INnoJ-Ajuamy 01 xiIs AJan9) TA-DOd

patene Xvd

Jad £78G6% 01 1G6¢ Bulioluow

aJn|iey jusAaid

Jou $30p Zuliouow A

SUIINOJ PUB ‘Bul| 3Sdl) ueyy

J2YSIY yonw aJe 3502 aul|

puUO3S 4 AJUO JUBIDIE-3SOD
S| uliojuow A pajadle |

3502 aJe saoud | Yy aul|

puo23s pue 3sdi) JI paAosdwl
SSOUBAIFR4J2-3500 TA DOd

1¥V 2ul| pUodas Jo 3502

uo spuadap SSauaA0a4

N Ul AylsuadolslsH
aJnj1e} 2I130|0AIA
9482 PajeljUaIayIp Uo A JO 30947
90UBISISTY
SaJn|iey aul| 3sdiy Ul

(uiyes
oly10ads Joy pazepdn

[E21UI]D "SA SulIojUOU A -1502 ulIojiuoW A SUINOY Oou payiend SUl| PUOI3S 0} SUILPIMS Ul UOIIeLIEA OTOC =9 ued ejep 1s0D) DI [S]1ms3
Ja13u0.y
JU3IDIY4 By} Uo A3a3e13S
Ajuo ayy si jw/saidod 00T
1 ploysaiy} SulLpIMms
‘Bunsa) A Alyauouw xis
3unsal A 1502 MO
REIIN
u99q 9AeY S193.4e3 93BJ9A0D
pue /sjj22 00G 1€ pajeniul
AIVO Jad Apeadie sI [ ¥V usym
0/£'62$ 03 €2/¥$ IM/sl19 00 3U1359) [B2I30]0IA BUIINOU 35
UNOD D 18 1YV SUlIels sa |enba aue s3500
(PloysaJdyy Jw/sa1dod QOQT ©3 aUl| pUOJ3S PUE }SJ1f UDYM A Ul AjisuagolaleH [917] o3emyyiedg
ul/s21dod QOO'0T) Suliojuow A J2339q 8U13sa) A 4oy ¥3D| ou payiend a.n|te} 21300JIA  (BIEP 350D) 800C E21Y Ueleyes-qns 1055
OA1 Jad TT0V$
JUBAS INoy 23e3s OHM 1938 SaJn|Iey aUl| 351} Ul dUl| PU0daS 03
UPIMS 'SA Jul/sa1dod 000'0T< TA SuIyopMs Ul LonelIeA
OAT1 Jad 00ST$ 0ue)sIsay
JUSAS INOoy 2883S OHAA Jo3Je 2Jn|Ie4 2IS0|0JIA S91J3UN0D BLIOdU|
UPIMS "SA [U/sa1d0D 00G< TA LYV BUl| pUOI3S JO 35O JamoT] ou payiend A Ul AjsusdousieH 800¢ S|PPIW O} JoMOT] (€] sdiiud
(43D1) oneu 9A11934J9-3502 aJow +SS3UDAINIBYD pajjopow palpnis Jeaj uole’o Joyjne 3s.i4
SSDUDAI}I9}J9-1S0D [ejUdWDIOU| Sunsa) A 9ew jey) sioyoeq -}502 uo saumesy Aay|
uoisnpuod
Sioyiny

(ponunuod) T sqeL


http://onlinelibrary.wiley.com/doi/10.1002/jia2.25006/full
https://doi.org/10.1002/jia2.25006

Barnabas RV et al. Journal of the International AIDS Society 2017, 20(S7):e25006
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25006/full | https://doi.org/10.1002/jia2.25006

Suliojuow D
SA AIVO Jad 09¢$ Suines
1502 pue SulojUoW [BDIuld
'SA AIVO J2d 0062$ 03 096%
:9UI| PUOI3S 03 BUIYDIMS
ojeludoudde alow Usysey pue
3.N|Ie4 JUSUIIES} JO UOIIIIBP
3]EJNJdE 30| + JUNOJJE
03Ul UoIssIwsuely Supje]
+ SuliojuowW A 03 paJedulod
#AD 4o [e21Ul> ypm ysiy

Se 921} adNn|Iey DIS0|0JIA JO XSIY
Supiojuow QD 'sA 08E'0T$ 03
0€Z¢$ pue Suliojuow [esulp
'SA XIVO Jad 0£85$ 03 0512$
22Ul puodas
03 SulydIMms o1erudosdde aiow
19158) puUE 2.n|le) JusLIIea.]
JO UOI30333p 93JNJDE 3UO|A|

+ JUNODOE OjUl UOISSIWISUe.} Sue |
dupojuow gD sA 0¥S'GZ$ 03
096G$ pue Suliojuow [esulp
'SA ATVD J4ad 0g26$ 01 0TOFS$
:aUl| puodas

¥V 2ul] puodas
0} SOUIHMS AJeSsadauun

90NpaJ 03 |w/sa1dod 00T
JO elJ931d0 Uoi30a3ap

40 [9A39] 3533 IN-DOd 25N
(8uliojuow $ao/[ealup o3
paJedwod 3uliojiuowl A Ag
paonpad) A3a1eJys Suliojiuow

UM 2un|iej [EDISO0[OUIA JO STy
A pue

1V 2Ul] PUOD3S JO 3SOD JaMOT]

03 3uiypIMms a3eridoadde siow uoissauddns (Bues
9]58J pue 2Jn|iey Jusuilea.) Y3IM UOISSIWISURY a.n|1e4 JI130|0JIA oi1dads Joy pajepdn
40 UOI323319p 33eINIOE 30N AIH Ul suoildnpal spnpul  saA patiend., A Ul AjsusgossiaH Z10C 99 ued eep 1s0D) DI [Sc] 1hs3
UOISSIWSUEJY AJH Paonpad
DAl J4ed 6T£G6$ ‘ANAIFONPOJd DIWOU023
:yoeoddde paseq-woldwAg pasea.oul ‘Ajljejoul
SA SUIUoW g T AJSAS AJUO-TA  pue suol3dajul dl3siunjioddo
DAl J4ed £8TE$ JO 2dUBpPUI padNpau
‘yoeoddde paseq-wojdwAg ‘suoljeINW 9oUe3SISad
‘SA SUJUOW XIS AJBAS AJUO-TA  -SNJp JO UOIIE|NWNIOE Padnpay SaA a3ula 2.n|Iey [e2180]0JIA 1102 e21Y YInos [97] stoweH
(43D1) oneu 9A11934J9-3502 aJow +SS3UDAINIBYD pajjopow palpnis Jeaj uole’o Joyjne 3s.i4
SSDUDAI}I9}J9-1S0D [ejUdWDIOU| Sunsa) A 9ew jey) sioyoeq -}502 uo saumesy Aay|
uoisnpuod
Sioyiny

(ponunuod) T sqeL



http://onlinelibrary.wiley.com/doi/10.1002/jia2.25006/full
https://doi.org/10.1002/jia2.25006

Barnabas RV et al. Journal of the International AIDS Society 2017, 20(S7):e25006

http://onlinelibrary.wiley.com/doi/10.1002/jia2.25006/full | https://doi.org/10.1002/jia2.25006

(@dsn €102) STA/00TY$
:UOIIEUIIIJUOD A "SA A 2AIkdepy

ATV Jod TTETS :ploysauy}

ddo xT 03 paziwpdo

A @Aidepe 'sA pjoysaiyl dao
Xg 0} paziwpido A anildepy

AIVO

Jad T61$ syuow 7z Asons

SulIoHUOW “SA ploysaiyl 4d9

(pa/opou
j0u) Sullojiuow 03 anp
91eJ UOISSIWISUBIY AJH J9MOT]
}Joyod Jo
N0 3D [elIUl OF SAIJISUSS
€T$ pue
9GT$ 01 paseatdsp S350
JA PUB ¥V 2Ul| pUOI3S
JddD XT> ¥3DI A 2Adepy
S3U1319S 924N0sal
Y31y ur uoiyejuswa|dul|
ddo
pue ‘IoIABYSq ‘SOIWBUAD
9SBASIP ‘S213S1da10RIRD
juaned [enpiAlpul 0}
SuipJodde | ¥y uo sjualjed
AIH J0 s|eadaiul Surlojiuow
A 8unsnlpy :ddo Asunod

A Ul AylsuadolslsH
348D P3JRIIUBIBYIP UO A JO 303443

SaA 23Ul 34n|1eJ 2I130]0JIA

8182 PajeRUIAHIP UO A 4O 19343

£10¢ ©} €10¢

QI0A| P 810D [67] edienenO

XT 03 paziupdo A oAldepy 0} paJojie} pue paJdajuad Jual|d  SaA palilend., 2Jn|1e} 2180|0JIA 102 epuedn [87] Nosa08aN
a.n|leJ [e2130|0dIA
pajene Avd SaJn|iey aul] 3sdiy Ul
Jad 09/£$ (S4eak any) (1113 aUl| PUOJ3s 03 SUIYDMS Ul UOIJelIeA
paliane ATva Jod 8 €THE$ sansgea||0d
((s4e3A GT) SISSUIUAS AIH A3a1eu3s A pajesie] pue ayemuyielg ‘(sdijjiyd)
pajane Ay Jod S50 1593 JOmOT] [SPOW SISBYIUAS AJH — 90UBISISSY
£8'8T09% :(S4edA O7) s1emyiielg 150D | ¥V dUl| PUOIaS Jamo] A Ul Ajloua8oia3oH
syuow 98 paAdIYoe S| 98eJ3A0D sjapow
AIBAD A SA SLpUoW ZT Adona T 1YV YSiy Joye Surioyuouwl A OU Pailen)  JUSJaHIP 924y} WOJJ S}NSaJ S3USSad 2102 elquiez [SARECERN
(43D1) ones 9A1399}49-3502 dJowl +SSDUIAIIIAYD pajjopow paipn3s Jea uoped0 Joyine 3s.ai4
SSOUDAI}I9}J2-1S0D [EJUBWRIOU| Sunsa) A jew jey) sioydeq -}50d uo sainjeay Ay
uoisnjpuod
Sioyiny

(ponunuod) T sqeL


http://onlinelibrary.wiley.com/doi/10.1002/jia2.25006/full
https://doi.org/10.1002/jia2.25006

Barnabas RV et al. Journal of the International AIDS Society 2017, 20(S7):e25006
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25006/full | https://doi.org/10.1002/jia2.25006

"S31UIUNOD BWIODUI-3|PPIW PUB -MO| ‘DA UoIjeZIue3iO YieaH PIHOAA ‘OHAM Pauled aj1) JO SIeaA ‘O A Peo] [edIA TIA (SJeaA a4l| pajsnipe
-Ajenb AV (paAes SsueaA o)l ‘SAT (paulel a4l JO SIeaA ‘AT 3onpoad d13SaWop SSoUS ddo sleah o)l paisnlpe-Ajijigesip ATV ‘Adedayy [edIAOJISIIIUR ‘MY BIISHID dd9 XE JO XT a2y Suisn
uaym Ajenoided ‘pasoddns usaq Ajsnoinald pey ueyy Jamo| 3ulaq Se pasiudodad Mou SI ploysadyy a1eridoidde syl — pjoysadyl SSaUSAIINR4D 150D JO 3210UD 3y} U0 puadap SSaUBAIFIR4S 150D UO
SUOISN[DUOD S, JOUINe 3|+ ‘SUOIJIPUOD UIB}aD JO 92US3SIXS aY} UO [BUOIJIPUOD SEM SIUY 1By} IN] ‘DAI30848 350D Sem SUIIOUOLW PeO| [BJIA JBU} SBM UOISN|DUOD |[BI2A0 SJIOUINE 3y} — SaA pauljend.,

(S3502 ISIA D1UI[D 9oNpad
pue 2Jed 2)eIUIIDYIP 0} pasn

J1)) payane A1va Jod 9ze$
:8UlJ0}UOW ON "SA SYUOW 7T

(poo3stapun
[]oM Jou Suliojuow A
Juanbaljul yans Ym sysid
yi[eay :3eaAed) syjuow T
AJaA9 ueyy Ajpusnbauy
ssa| Buliojiuow JA 3N
51502 WeJdoud
1¥\y-uou ul uoidnpay
'S3UIABS 95343 2|Ceu
pINoYs SYUoW aAjaMm}
03 auUlU AJ3AS JO Ssyjuow
XIS AJ9AS 03 SYjuoUl 9343
0] 3UO AJSAS WIOU) S}ISIA
3upPNpay "9A1199)J9-1500
weJdoud axew o3 pspasu
0€$ Jo sSuines jenuue

9Jed PajeljuaJlayip Uuo A 4O 19947
A Ul AjlsuadouslsH
90UBISISTY

2Jn|1e} 2130|0AIA

sadn|ie} aul| s Ul

AJans Builojuow A s9d 1500 1531 PEOJ-|BJIA ZZ$ LA S9A pailenD, 3Ul| PUOI3S 0} SUILPYMS Ul UOIJeLIEA GE€0C 03 ST10¢ omgequilZ [ez] sdiiud
N Ul AylsuadolslsH
20UBISISDY
aJnjie} 2130|0IA
SaJn|Iey aul| 3sdiy Ul
3Ul| pUOJ3S 03 SUIYDIMS Ul UOIJRLIBA
‘A8a18.15
pajiane X1vQ UOIJeULIIJUOD Sujiojiuow | ¥y Jo JJed se aAI1Dal)e
Jad €1T¢¢$ aull puodas ou INOYIIM 3uliojiuoul 1500 3q 03 A|2¥I| sem 3ul1sa)
‘8UIIOJILOW OU "SA UOIJewlIjuod A Sem papiane sAvd 30UB3SISaJ 8NJp Jo asn Jayiaym
ou y3im Suliojiuow A 10} AS33eJ3S BAI3034JD ISOIN ou pallend uo pasndoy Ajltewtad sem Jaded GZ0Z 01 GT10¢C aMgequilz [se] sdijyd
(43D1) oneu 9A11934J9-3502 aJow +SS3UDAINIBYD pajjopow palpnis Jeaj uole’o Joyjne 3s.i4
SSDUDAI}I9}J9-1S0D [ejUdWDIOU| Sunsa) A 9ew jey) sioyoeq -}502 uo saumesy Aay|
uoisnpuod
Sioyiny

(ponunuod) T sqeL


http://onlinelibrary.wiley.com/doi/10.1002/jia2.25006/full
https://doi.org/10.1002/jia2.25006

Barnabas RV et al. Journal of the International AIDS Society 2017, 20(S7):e25006
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25006/full | https://doi.org/10.1002/jia2.25006

Table 2. Characteristics that support cost-effective viral load (VL) monitoring for HIV: 1) low cost approaches; 2) pathway to

impact; and 3) differentiated care

Characteristic

Comment

Ref.

1 Lower average unit costs:

a VL assays,

b Other factors contributing to fully loaded
costs for VL monitoring (e.g. personnel,
transport, facility costs etc.),

¢ Dried blood spots (DBS)
replacing plasma specimens

d Second line ART

1.2 Less frequent VL testing

2 Action based on VL results

1

Effective, low cost approaches to VL monitoring

Roche introduced $9.40 price ceiling for VL testing in 2014
(fully loaded $20).

DBS allows more feasible collection and transport for speci-
mens in challenging conditions, at lower cost compared to
transportation of plasma specimens.

Decreases in the cost of protease inhibitor based second line
ART regimens would decrease the cost of changing to second
line regimens if clients are failing first line therapy.

Decreases in these variable unit costs can drive cost-effective-
ness.

VL monitoring six months after initiation and then bi/annually
was cost-effective compared to six monthly monitoring.
Two-yearly testing vs. annual testing increases cost-effective-
ness

Pathway to impact: Action based on VL results

Most models assume that the VL results are acted on in a
timely manner with adherence counseling, resistance testing if
available, and prompt switch to second line ART which
increases viral suppression.

Assuming that a high proportion of tests fail or the results are
not received dramatically decreases the likelihood of cost-effec-
tiveness

Timely (<six months) switch to second line ART in people with
consecutive viral load levels >1000 copies/ml. which minimizes
resistance and clinical failure.

Differentiated care for HIV

[16,22-25,27,29-31]

[1,23,29]

3 VL informed differentiated care

Potential to save costs from fewer clinical visits, longer pre-

[15,23,36-39]

scriptions, clinical visits with regular clinical staff for clients

who achieve viral suppression and do not require complex spe-

cialty care.

ART, antiretroviral therapy.

due to agreements with manufacturers, volume of demand,
advocacy, human resource costs, and calendar time of the
study (with costs generally falling over time). Studies that did
not include the transmission benefits of viral suppression may
have underestimated the cost-effectiveness of viral load moni-
toring [27.29]. Neither clinical trial found a beneficial health
impact of viral load monitoring on clinical outcomes [20,21],
thus the change in costs was not balanced by an improvement
in the health outcomes with the intervention. The clinical trials
were conducted prior to lower cost viral load testing and ART
recommended for all HIV-positive persons.

4 | DISCUSSION

We found three main factors that make it more likely for viral
load monitoring to be cost-effective (Table 2): 1) Use of effec-
tive, lower cost approaches to viral load monitoring; 2)

Ensuring the pathway to health improvement is established
and that viral load results are acted upon; and 3) Simplifying
HIV care and including viral load monitoring to facilitate differ-
entiated care.

41 | Effective, low-cost approaches to viral load
monitoring

Several factors can ensure the cost of viral load testing
and the fully loaded cost (all the costs of conducting a
test) is as low as possible: choosing an efficient specimen
for measuring viral load such as DBS, using an assay and
threshold that strikes the right balance between the risks
of missing detectable viral load and switching unnecessar-
ily, and limiting the frequency of viral load monitoring
[16,22-25,27,29-31]. In 2014, Roche introduced a ceiling
price for PCR laboratory based viral load testing of $9.40
(and a fully loaded cost of $20) which, at a quarter of the
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previous cost, has increased the cost-effectiveness of viral
load testing [29]. Lastly, point-of-care viral load testing
could well be more cost-effective if the real-time response
to the results which such testing enables improves clinical
care.

In addition to the costs of viral load testing itself, analyses
have shown that downstream costs (in particular second line
ART) notably affect the cost-effectiveness of viral load moni-
toring. Although costs of protease inhibitor based regimens
have fallen markedly in recent years (from $600 to $205 per
patient year in 2016 [40]), these are still very high for low
resource health care systems — limiting the potential for viral
load monitoring to be cost effective. The incremental cost-
effectiveness ratio (ICER) of viral load testing changed from
$4100 to <1500/year of life saved when considering a range
of lower viral load testing and ART costs in Cote d'lvoire [29].

Similarly, cost-effectiveness analyses that account for the
decrease in transmission benefits with ART better estimate
the full health gains compared to analyses only looking at indi-
vidual benefits and cost.

4.2 | Pathways to impact: action based on viral
load results

There are inevitably challenges in implementing and acting
upon viral load testing and these need to be considered in
assessing cost-effectiveness. Specimens need to be trans-
ported in an efficient manner to accredited laboratories,
results relayed to clinicians and clients, and the results acted
on promptly with adequate access to second line ART. Most
analyses that find viral load monitoring to be cost-effective
assume that the viral load results are acted on in a timely
manner (either immediately or less than six months). Protocols
that delineate the next steps for a client on ART with a
detectable viral load for example adherence counseling, viral
load retesting three months after adherence counseling, resis-
tance testing (where available) if viral load is still detectable
despite adherence, and switching to second line ART in a
timely manner, increase clinical effectiveness and decrease the
emergence and transmission of resistance mutations. Some cli-
ents may require more regular visits and monitoring for com-
plex disease or comorbidities. Notably, even with viral load
monitoring, switching to second line ART generally does not
occur within the timeframe assumed by most mathematical
models of HIV and the proportion of people who are on sec-
ond line regimens is generally below 5% [23]. Phillips and col-
leagues estimated that even avoiding a three-month delay
through point-of-care testing, could increase health benefits
by 6% with no additional costs. Also, both randomized studies
of the cost-effectiveness of viral load testing found viral load
testing not to be cost-effective for monitoring [20,21], a note
of caution that implementation must emulate the modelled
scenarios to meet the cost-effectiveness thresholds. The cost-
effectiveness of viral load monitoring hinges on adequate ser-
vices to deliver clinical benefits.

4.3 | Differentiated care for HIV

Differentiated care for HIV allows simplifying of protocols for
persons well controlled on ART, with client responsive viral
load testing (six months after initiation and then annually

unless clinically indicated) providing feedback to inform on-
going individual and program effectiveness. This also supports
viral load monitoring replacing CD4 count monitoring, spacing
appointments, providing longer prescription refills, task shift-
ing, community-based ART, testing using DBS specimens to
simplify specimen transport, and using clinical care resources
for complex clinical cases and clients who are not suppressed
on ART. In this differentiated care context, viral load monitor-
ing enables greater comfort with less clinical engagement. The
cost of viral load testing can be offset by savings in the clinical
visit costs. Thus, differentiated care with viral load monitoring
can save costs with greater health gains compared to standard
of care clinic management (for a simulated model population of
Zimbabwe over 20 years, viral load monitoring and differenti-
ated care had a cost saving of $139 million and 580,000
DALYS compared to CD4 monitoring, which represents a dou-
bling of the health gain at more than a third less of the cost
[23]). It is notable that the distinction between standard of
care clinic HIV management and differentiated care is blurring
as some, but not all, aspects of differentiated care are incorpo-
rated into clinic care such as chronic medication refills without
clinic visits available for clients on ART in South Africa. Impor-
tantly, for differentiated care, viral load monitoring provides
program level evidence on whether reduced clinical engage-
ment impacts individual and public health outcomes.

Cost-effectiveness studies aim to inform the allocation of
limited resources. This requires estimating the incremental
costs of alternative interventions (e.g. viral load vs. CD4 vs.
clinical-only monitoring) and the incremental health benefits (e.g.
QALYs-gained or disability adjusted life years (DALYs)-
averted); then assessing whether the cost-per-unit of health
improvement represents sufficient value, compared to other
claims on limited resources. These can all change depending
upon how and where viral load monitoring is delivered, so any
universal claims to cost-effectiveness are misguided and it is
vital to understand the place of viral load monitoring within
HIV programs and how it may facilitate design of programs to
improve population health from within the resources available.

The results table (Table 1) illustrates that the ICER needs
to be interpreted within the context of the analysis. First, the
ICERs per QALY gained or DALY averted, even though each
measure is in the same units, are not directly comparable
unless the same strategies are compared, that is whether viral
load testing is compared with clinical staging and/or CD4
count and underlying programmatic assumptions (indicated in
the ICER column). Second, the threshold for what is consid-
ered cost-effective does vary as is illustrated in the interpreta-
tion of the results (conclusion column) which reflects the
perspective and setting of the analysis.

4.4 | Looking ahead: likely future programmatic
changes that impact viral load cost-effectiveness

Lastly, notable programmatic changes are likely to impact
cost-effectiveness of viral load testing, specifically changing to
ART regimens with a high barrier to resistance [27] such as
integrase inhibitors. The integrase inhibitor, dolutegravir, for
example, has a higher barrier to resistance than current first
line efavirenz based regimens, which could decrease the clini-
cal benefits of viral load monitoring since resistance is encoun-
tered less frequently. The combination of ART formulations
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and monitoring strategy should offer the greatest health gains
for the cost. With alternative monitoring tests, for example
detecting TDF/TAF in urine, viral load monitoring might only
be required for clients without detectable TDF/TAF or other
clinical concerns. As new regimens and models for care are
rolled out, the cost-effectiveness of viral load monitoring will
need to be reassessed on a continual basis.

5 | CONCLUSIONS

The cost-effectiveness of viral load monitoring is critically
dependent on context. Viral load monitoring in differentiated
care programs provides evidence that reduced clinical engage-
ment, where appropriate, is not impacting health outcomes
[23]. To achieve this goal of cost effective viral load monitoring,
differentiated care programs will need to be scaled up to
achieve the gains of cost saving — introducing viral load moni-
toring without differentiated care can result in lost opportunity
for health gains through an alternative use of resources. As
countries scale up differentiated care programs, data on viral
load outcomes and cost are essential to evaluate the on-going
cost-effectiveness of viral load monitoring in practice. Efforts
to standardize this reporting and rapid analysis would facilitate
the adoption of successful differentiated care strategies.
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